The effect of salts upon the formation of trypsin from its inactive precursor, ttsrpsinogen , has been extensively studied.
This was found by Kunitz (1939) to be due to another reaction occurring during the process of formation of trypsin, namely the transformation of part of the trypsinogen into an inert protein which could not be changed into trypsin by any of the known means. The experimental curves for the rate of formation of trypsin as well as for the rate of formation of inert protein were found to be symmetrical S-shaped curves closely resembling those of simple autocatalytic reactions. The kinetics of the formation of trypsin and of inert protein from trypsinogen could be explained quantitatively on the theoretical assumptions that both reactions were of the simple unimolecular type, that in each case the reaction was catalyzed by trypsin, and that the rate of formation of each of the products was proportional to the concentration of trypsin and to the concentration of trypsinogen in solution. During the process of formation of trypsin and inert protein the ratio of the concentrations of the two products in any given reaction mixture remained constant, was equal to the ratio of the velocity constants of the two reactions, and was independent of the original concentration of trypsinogen.
The present studies show that salts influence the transformation of trypsinogen into trypsin in one of the following ways.
(a) Increasing both the rate of formation of trypsin and the rate of formation of inert protein. The effect of salts upon the ultimate amounts of trypsin and inert protein formed depends upon the relative influence of the various ions on the rate of both reactions since the final amounts of the products formed depend on the ratio of the velocity constant, K1, for the formation of trypsin to the velocity constant, K2, for the formation of inert protein. The influence of salts is due to both the cation and the anion; the chemical nature of the ions is more important than their valency.
The behavior of the calcium ion is particularly striking since it inhibits completely the formation of inert protein even in concentrations as low as 0.02 M with the result that the trypsinogen is converted quantitatively into trypsin. In the presence of calcium salts, therefore, the transformation of trypsinogen into trypsin by means of trypsin follows the course of a simple unimolecular autocatalytic reaction.
The ions studied may be arranged in the following approximate series, the first members in each group having an increasing and the last members a decreasing effect. The methods used for the study of the formation of trypsin and of inert protein from trypsinogen were those previously described (Kunitz, 1939) . Crystalline trypsinogen was prepared from extracts of fresh beef pancreas by the method of Kunitz and Northrop (1936) , further purified and freed from inhibitor by precipitation with triehloracetic acid, and dialyzed against 0.005 ~ phosphoric acid. Complications due to protein hydrolysis were avoided by keeping all reaction mixtures at 5°C. The solutions were kept sterile by the addition of 0.1 ml. 1 per cent merthiolate in 1.4 per cent borax to each 100 ml. sohtion. Salts of Merek's reagent grade were employed.
The pH of each activation mixture was adjusted when necessary with phosphoric acid or potassium hydroxide. The measurements were made by means of a low re-sistance glass electrode of the Mouquin and Garman type (1937) . In the range of pH used the salt error was negligible (Gardiner and Sanders, 1937; Cranston and Brown, 1937; Dole and Wiener, 1937) . In a comparison of measurements with the glass and hydrogen electrodes the maximum variation in pH observed was 0.04 with an average deviation of 0.02.
EXPERn~NTAL RESULTS

Effect of Ammonium Salts on the Autocatalytic Formation of Trypsin.--
The experimental data for the transformation of trypsinogen into trypsin in various concentrations of ammonium salts are given in Figs. 1 a, 1 b, 1 c, 1 d . Fig. 1 a shows that not only does the rate of formation of trypsin increase with increasing concentration of ammonium sulfate but that the final amount of trypsin formed is also greater. In the case of ammonium chloride (Fig. 1 b) the rate of formation of trypsin decreases with increasing concentration of salt while the final amount of trypsin formed is practically the same. Increasing the concentration of ammonium nitrate ( Fig. 1 c) decreases both the rate of formation of trypsin and the amount of trypsin formed. The rate of formation of trypsin decreases with increasing concentration of ammonium acetate ( Fig. 1 d) while the final amount of trypsin formed increases.
The diversity in the results is due to the difference in the effect of the various ammonium salts not only on the velocity constant,/£1, for the formation of trypsin but also on Kj, the velocity constant for the formation of inert protein. into trypsin and the calculated values 2 of Kx, K2, and ~. are given in Table I .
In the presence of ~mmonium sulfate both velocity constants at first decrease slightly and then increase rapidly as the concentration of salt increases. The
The velocity constants KI and K~ for the formation of trypsin and inert protein respectively were calculated by means of the equations derived by Kunitz (1939) ,
A where m is the slope of the straight line resulting when the values of log ~ are plotted against t. Go, the original concentration of trypsinogen A0, the original concentration of trypsin A, the concentration of trypsin at any time t and A,, the final concentration of trypsin.
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effect is much greater on K1, however, so that the ratio ~-~ and hence the final amount of trypsin formed increases with increasing concentration of ammonium sulfate. The final amount of trypsin formed from trypsinogen in the presence of ammonium nitrate decreases rapidly with increasing concentration of the salt since the velocity constant for the formation of trypsin decreases while the velocity constant for the formation of inert protein remains practically unchanged.
Increasing the concentration of ammonium acetate increases the percentage trypsinogen changed into trypsin by decreasing K~ to a much greater extent than K,. 
Effect of Various Anions on the Autocata2yHc Formation of Trypsin.--
The striking differences in the effects of various anions on the transformation of trypsinogen into trypsin and inert protein found with ammonium salts were obtained also with sodium salts, as is illustrated in Figs. 2 a, 2 b, 2 c, and Table  II . These show, in general, that the sulfate, citrate, oxalste, tartrate, acetate, fluoride, and chloride ions accelerate the rate of formation of trypsin, the effect decreasing in the order given,' while the iodide, nitrate, and bromide ions decrease its rate of formation. The rate of formation of inert protein is accelerated by iodide, nitrate, tartmte, and citrate and decreased by fluoride, chloride, sulfate, acetate, oxalate, and bromide ions. In the presence of a All series in this paper are arranged in order of decreasing effect of the ions. sulfate, oxalate, citrate, tartrate, fluoride, chloride, and acetate the ultimate amount of trypsin formed is greater than without the salt while with iodide, nitrate, and bromide less trypsin is formed. Although there is in general a greater tendency for the polyvalent anions to increase the rate of formation of trypsin, the valency of the anion is not the controlling factor since much greater differences were observed between the halides, for example, than between the acetate, citrate, and tartrate.
Effect of Various Cations on the Autocatalytic Formation of Trypsin.-
Figs. 3 a and 3 b, show the experimental data for the formation of trypsin from trypsinogen under the influence of various salts of the alkali metals. The Table H I . The salts of sodium and lithium were found to increase the rate of formation of trypsin while those of caesium, rubidium, and potassium were found to decrease it. The rate of formation of inert protein was decreased by the salts of rubidium, caesium, sodium, potassium, and lithium, the latter having the least effect. The largest ultimate amount of trypsin formed was found with the sodium salts, followed in order b y lithium, potassium, rubidium, and caesium. The experimental data for the formation of trypsin from trypsinogen in the presence of salts of the alkaline earths are given in Fig. 4 . The velocity constant for the formation of trypsin (Table IV) 
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FzGs. 3 a and 3 b. Effect of monovalent cations on the formation of trypsin. Activation mixtures: solutions of salts of the alkali metals in 0.1 ~r phosphate buffer pH 7.6 and containing 0.01 rag. trypsinogen protein nitrogen per ml. Final pH = 7.1. 63 nesium decrease it. The ultimate amount of trypsin formed is therefore greater in the presence of calcium, strontium, and magnesium ctdoride than in the control and smaller in the presence of barium chloride. It is evident that the different cations produce as wide a variation in the results as do the different a n i o n s .
Effect of Calcium Ion on the, Formagon of Trypsin.--The action of calcium
salts on the transformation of trypsinogen into trypsin is unique in that of all the ions studied only calcium completely inhibited the formation of inert protein. In the presence of calcium salts, even in concentrations as low as 0.02 ~r, trypsinogen is converted quantitatively into trypsin 4 and the formation fob lows the course of a pure autocatalytic reaction. 
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The rate of formation of trypsin increases gradually with increasing con¢entration of calcium chloride while the rate of formation of inert protein decreases rapidly. The value of K2 in 0.0008 ~r calcium chloride is only onefifth of the value of K~ in the control. The fraction of trypsinogen changed into trypsin increases from 25 per cent in the control to 65 per cent in the presence of 0.0008 ~r and to 99 per cent in 0.02 ~r calcium chloride.
4 The trypsin formed can be easily crystaniz~d; the procedure will be described in a future publication.
e is the Naperian constant: the other symbols are defined in footnote 2. in pH due to the larger amounts of inert protein formed in the alkaline solutions (Kunitz, 1939) , whereas in the presence of calcium chloride the transformation of trypsinogen into trypsin is complete over the whole range of pH used. 
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into an inert protein which cannot be changed into trypsin by any known m e a n s .
Salts increase or decrease the rate of both reactions so that the ultimate amount of trypsin formed varies with the nature and concentration of the salt used. With equivalent concentrations~f salt the percentage of trypsinogen changed into trypsin is greatest in the presence of calcium ion followed in order by strontium; magnesium and sodium; rubidium, ammonium, lithium, and potassium; caesium and barium. With the anions the largest percentage of trypsinogen transformed into trypsin was found with the acetate, sulfate, oxahte, citrate, tartrate, fluoride, and chloride ions followed in order by bromide, nitrate, and iodide.
The formation of inert protein is completely suppressed by concentrations of calcium ion greater than 0.02 ~r.
